Introduction
A renewable portfolio standard (RPS) is a mandate to increase the use of wind, solar, biomass, and other alternatives to fossil and nuclear electric generation. This paper provides a summary of the policy objectives that commonly drive the establishment of an RPS, the key issues that states have encountered in implementing an RPS, and the strategies that some of the leading states have followed to address implementation challenges. The factors that help an RPS function best generally have been explored in other analyses (for example, Cory and Swezey 2007; Wiser and Barbose 2008) . This study complements others by comparing empirical outcomes (i.e., which RPS programs appear to correlate with the greatest renewable capacity growth), and identifying the policies that appear to have the greatest impact on results.
An important overall insight suggested by initial outcomes is that an RPS is not a stand-alone policy. State experience indicates that results depend on complementary policies, especially those relating to transmission. States with an RPS that have significantly increased use of renewable resources either have available transmission, or have developed strategies to build it. Similarly, some states that have not significantly increased renewable capacity despite having an RPS for several years have identified inadequate transmission as one of the main contributing factors.
The following sections summarize issues common to many RPS programs. Because state circumstances vary, the relative importance of each factor differs among states; but certain key issues tend to be consistently present in some form. After the general overview, the analysis looks at selected metrics for electric generation from 2001 to 2007, identifying RPS states where use of renewable energy resources has increased significantly, and groups of states where RPS outcomes suggest significant regional dynamics.
The paper then examines the key factors that seem to affect outcomes for states that have had an RPS long enough for results to be evident. The aim is not to review all aspects of RPS design in these states, nor to identify a universal recipe for a successful program. Instead, the focus is on the most critical issues faced by pioneer states and what these states did to address those issues. The intent is to extract practical lessons that may assist other states that are considering, or are in the midst of implementing, RPS programs of their own.
Effects on Policy Drivers
The main policy drivers behind an RPS include environmental enhancement, economic development, and greater energy security (by way of reduced reliance on price-volatile electricgeneration fuels such as natural gas). Program design-particularly the eligibility of out-of-state resources, and policies to expand voluntary green power offerings-can affect the relative importance of some of these drivers. Table 1 summarizes the theoretical effect of an RPS on various energy-related policy drivers. Reliably quantifying how much an RPS affects these drivers is problematic, however. Progress is not simply a function of implementing an RPS; ultimately, it's measured by whether the policy puts more renewable energy capacity on the grid. Even when a state's renewable energy capacity base increases, it may be incorrect to attribute all of a state's renewable energy growth solely to the existence of an RPS without accounting for interactions with other policies. Indeed, a number of states without an RPS have added considerable amounts of renewable capacity, outpacing some states that have had an RPS for years.
Assuming that an RPS works as intended, the economic development benefits can vary by state depending on how property taxes, income taxes, and excise taxes figure into the state's fiscal mix. 1 The U.S. Department of Energy and NREL, through the Wind Powering America program, have published economic development studies for 12 states, examining the potential local benefits of renewable energy development (Wind Powering America 2008) . A study of Pennsylvania, for example, found that if an RPS succeeded in increasing renewable energy use to 10% of total electricity demand by 2025, the impact on jobs, income, and economic output would be significantly larger than what would be expected if load growth and unit retirements during that same time were met by fossil fuel expansion.
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State policy makers may need to prioritize between local economic growth and minimizing ratepayer impacts if the most cost-effective renewable resources are in a neighboring state. Extending RPS eligibility to out-of-state resources can reduce ratepayer impacts, but it involves letting another state realize the local economic development benefits.
If environmental improvement is a particularly strong driver, policy makers may consider integrating an RPS mandate with policies to promote voluntary green power purchases. Such a strategy can augment the overall demand for renewable energy, which (in a normal commodity market) increases investment.
Current Status and State Experience
By 2004, 12 states had an RPS requirement, although the structure of these requirements varied widely. Some represented aggressive growth, while others constituted little change from the status quo. Some states placed the requirement only on specific utilities; some established minimum quotas for all providers in a competitive market. By early 2008, 25 states and Washington, D.C., had an RPS (listed in Table 2 , at the end of the report), and many of the early RPS states had increased their goals.
Ideal Applications for an RPS
An RPS is best suited to states that know where their most cost-effective renewable resources are, and have a strategy for getting those resources to market. Natural-resource endowments differ, and various renewable energy technologies differ in cost; these factors affect what an RPS design needs in order to achieve the best possible outcome at the least cost.
Consequently, an RPS can work in any regulatory structure, from traditional cost-of-service regulation to competitive restructuring. The regulatory environment affects how an RPS is implemented, but need not constrain what it can accomplish.
If a state does not have its own abundant, accessible, low-cost resources, achieving the ideal will involve policies to ensure that the regional transmission system is sufficiently robust to move renewable power from resource-rich areas to the state's load centers. This also may depend on the existence-or the creation-of multistate institutions to coordinate transmission planning and expansion.
Key Elements of a Successful RPS
Outcomes for the RPS mandates that have been around the longest suggest that two external factors have the most impact on what an RPS can accomplish on a large scale: available resources (e.g., wind, solar radiation, geothermal potential, or biomass stocks); and available transmission capacity.
Both factors have a bearing on the cost-effectiveness of in-state resources relative to regional resources, which also can affect program design and implementation. If a state has sufficient developable resources within its own jurisdiction, then attainment of its RPS requirement primarily is a matter of procurement, resource planning, and transmission decisions under the guidance of the state's utility regulators.
If neighboring states have more cost-effective resources, however, maximizing RPS results may depend on regional coordination. This is especially important for states that are part of the same regional transmission organization (RTO), where generation resources are dispatched on a leastcost basis without regard to state boundaries. RPS coordination can create a larger seamless demand for renewable energy, and larger markets tend to be more competitive. Lack of coordination, on the other hand, can fragment demand and place one or more states at a competitive disadvantage.
The following program elements take on greater importance if renewable resources are regionally dispersed and the state shares a transmission system with its neighbors.
• Qualifying out-of-state resources. If neighboring states share a transmission system, a substantial amount of power will cross state borders as part of normal grid operations. This aspect presents policy makers with a threshold decision about RPS design: How closely should the program follow the way power flows on the grid physically? Expanding RPS eligibility to include resources that are likely to contribute to power flows into the state can ensure that the program accounts for normal cross-border power flows. Regional resource qualification allows a broader geographic space for load-serving entities to find the least-cost options for meeting an RPS requirement.
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• A renewable energy credit (REC) tracking system. Tracking power flows in real time from a given generator to a given demand point is extremely complicated, data-intensive, and inconsistent with how the grid actually works. Power is managed as a regional pool of generation, with units ramped up or down minute-by-minute so that the sum of generation always matches the sum of regional demand. A REC tracking system can simplify the energy accounting required for an RPS, significantly reducing the administrative burden of coordinating different state requirements, and significantly reducing transaction costs for sellers and buyers of renewable power. Monitoring RPS compliance also is less burdensome with a REC tracking system. An RPS requirement that is met by qualified RECs can be verified electronically by regulators in a matter of seconds, and can avoid the need for lengthy compliance dockets.
Regardless of whether the program focus is regional or limited to in-state resources, costmitigation measures and compliance enforcement can have a bearing on success.
• Cost-control provisions. A no-fault alternative compliance payment (ACP), price cap, or cost benchmark can affect the ability of an RPS to attract investment in renewable energy resources. The threshold decision for policy makers is how to balance two competing objectives: minimizing ratepayer impact, and maximizing the state's ability to attract investment in renewable energy capacity. A cap that is benchmarked close to the cost of conventional power often risks limiting project revenues constantly and predictably, which may cause developers and investors to avoid that state in favor of other places that pose less of an economic risk. On the other hand, a cap that does not take effect except under extraordinary circumstances is not an investment barrier. Many RPS statesincluding Texas, which leads the nation in renewable energy capacity growth-have balanced price protection and investment stimulation by setting their various cost-limiting safeguards to about $50 per megawatt hour (MWh). However, set-aside requirements for specific technologies such as photovoltaic solar often have separate and higher caps.
• Enforcement. Penalties for noncompliance can affect RPS success where electricity markets have been restructured and entities with an RPS obligation set their own prices and manage their own costs. Under cost-of-service regulation, however, the ability of a regulated entity to comply is often linked to state decisions affecting transmission approval and cost recovery, making "compliance" a matter managed by the regulatory agency across various related proceedings.
Complementary Policies to an RPS
As mentioned previously, an RPS can achieve its goal easier and at less cost if it is consistent with other supporting policies, such as the following.
• Resource assessment. Mapping out where the best resources are located can improve both the effectiveness of an RPS and the ability to develop its renewable energy resources at the least cost to ratepayers. Texas, Colorado, Arizona, and California have initiated detailed assessments based on geographic information system (GIS) analysis, and other states are considering similar measures. A state-initiated assessment may not be necessary if developers and policy makers already know where the best resources are, if transmission access is already available, and if development is already occurring. Even if resource areas are generally known, however, a more precise measure of their development potential can help regulators form more cost-effective infrastructure strategies.
• Transmission access. If sufficient transmission capability does not exist between load centers and places where renewable resources exist, infrastructure expansion policies need to accompany an RPS if the latter is to be successful. The leading example is Texas, which passed legislation waiving certain "used and useful" criteria for transmission serving Competitive Renewable Energy Zones designated by the Texas Public Utilities Commission (PUC). In contrast, the lack of available transmission capability has compromised Nevada's ability to use its abundant geothermal resources in achieving its RPS goals.
• Voluntary green power. An RPS requirement can be designed so that it stimulates surplus supply, which will be available to meet additional, voluntary demand for renewable power. In fact, a 2007 NREL report showed that customer participation rates in 2006 utility green power programs were statistically higher on average in states with an RPS than those without (Cory and Swezey 2007) . For this to happen, the state must coordinate consumer protection rules and RPS design to prevent "double counting," i.e., crediting the same quantity of renewable power toward both a mandated RPS requirement and to green power purchased voluntarily by a customer. This model, which has been used by a number of states that have seen the greatest increase in renewable resource use, relies on an RPS goal that is high enough to convince investors that future demand will never fall below a predictable level, yet low enough to permit a surplus to develop.
• Financing support. Many RPS policies require specific, minimum support to help new projects secure financing, which can be critical. For example, 10 states require loadserving entities to sign long-term contracts (usually at least 10 years in length) to reduce the financial risk that renewable energy developers face. In New York and Illinois, state agencies centrally procure RECs to meet the RPS requirement. Nevada implemented a special ratepayer charge to protect payments to generators, while California exempted utilities until they had re-established their creditworthiness. All of these mechanisms lower investment risk, making it easier for the state to attract investment in resources to meet its RPS. To date, the efficacy of state transmission authorities as an alternative to an RPS appears to be limited to states endowed with large amounts of prime wind power resources. In some cases, the creation of such an authority has followed (not led) an initial surge of investment interest by wind power developers, as demonstrated by a large volume of requests to transmission utilities for interconnection studies.
Alternatives to an RPS: State Transmission Authorities

Quantitative Metrics of RPS Impacts
The point of an RPS is to replace fossil fuel generation with generation obtained from renewable resources. Therefore, most straightforward measures of RPS effectiveness are the degree to which renewable energy capacity and generation have grown, and the degree to which fossil fuels have declined as a share of the state's electric-generation fuel mix. The correlation between these outcomes and an RPS is impossible to quantify with precision, due to differences in state circumstances, the newness of many state requirements, and the significant interaction effects of other policies. The approach taken in this analysis, therefore, is to identify states with outcomes above the U.S. average, identify which of these states have had an RPS in place long enough to have an effect, and examine the role of the RPS in the state's outcomes. • Increase in renewable generating capacity (new megawatts per year);
• Increase in net generation from renewable energy resources (additional megawatt hours per year); • Growth in renewable energy's share of in-state generation capacity (percentage point gain per year); • Growth in renewable energy's share of in-state generation mix (percentage point gain per year); and • Decline in generation from fossil fuel sources (coal, natural gas, and petroleum) as a share of the state's overall generation fuel mix.
Seven-year trends were calculated for each state to determine which RPS states were above the national average with respect to renewable energy use and offsetting generation from fossil fuels. Table 3 and Table 4 (at the end of the report) show the state outcomes.
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Next, states were analyzed together (by reliability region) to assess possible regional factors. Figure 1 and Figure 2 highlight the key national and regional trends. Renewable energy is a small but growing share of the national generation portfolio, but that trend is small compared to the growth in generation from natural gas. Given the volatility of natural gas prices, this national trend suggests that energy security (particularly price stability) likely will become an important policy driver for an RPS. The regional trends indicate significant renewable energy growth along the Great Plains and in Hawaii, little overall growth in the East, and moderate overall growth in the West and Northeast. 6 An important factor in the West is the drought-related fluctuation in generation from major hydroelectric facilities (which, in this analysis, are treated as a distinct generation category apart from other renewable resources). Changes in production from hydropower significantly affect all other resource categories' share of the regional generation fuel mix.
Trends in Selected RPS States
Against these national and regional trends, the greatest increases in renewable energy capacity expansion and use are found in Iowa, Minnesota, New Mexico, and Texas-states with some of the longest-standing RPS requirements. Texas leads the nation in terms of absolute growth. Iowa, New Mexico, and Minnesota each added significantly more capacity and generated significantly more electricity from renewable sources than did states with significantly larger demand.
Texas. Texas has added 5.5 gigawatts (GW) of new renewable capacity since its RPS began in 2002. Net generation from renewable sources is increasing at a rate of more than 1 terawatt hour (TWh) per year. Despite the simultaneous addition of a large amount of generation fueled by natural gas, Texas has managed to increase renewable energy's share of the state fuel mix from 0.6% in 2001 to 2.3% in 2007.
The state, historically driven by an oil-and gas-development economy, implemented its RPS in conjunction with legislation to restructure the electric industry as a competitive market. The requirement was set as a capacity goal (2 GW of new capacity by 2009, later increased to 5 GW by 2015), and annual requirements were assigned proportionately to retail electric providers and the few remaining investor-owned utilities. Wind developers, in particular, have responded to the open-access transmission policies that accompanied competitive restructuring. Both the RPS requirement and electricity labeling laws were designed to encourage retail green power as an additional source of demand for renewable energy (Hurlbut 2008 ).
Nevertheless, renewable energy outcomes for Texas have been constrained by transmission. In the Electric Reliability Council of Texas (ERCOT) RTO, the initial wave of wind power development in 2001-2002 was more than existing transmission lines could handle. Curtailments ordered by ERCOT to prevent overloading degraded the overall capacity factor of wind resources to 27%, compared to a technical potential of about 40%. In addition, the Texas Panhandle-where the state's best wind resources are located-saw limited wind power development initially because the states that are part of the Southwest Power Pool (the grid serving the Panhandle) had not yet addressed transmission planning questions that were critical to wind power. Texas devised its Competitive Renewable Energy Zones (CREZ) policy (mentioned in the previous section discussing complementary policies) to respond to the transmission challenges. The Texas Public Utility Commission (PUC) approved a CREZ transmission development plan in July 2008 that would accommodate up to 18.5 GW of wind power.
Iowa. In Iowa, net generation from renewable resources increased from 567 GWh in 2001 to 2.9 TWh in 2007. Fossil fuels have been declining as a share of the state's generation fuel mix at a rate of 0.7 percentage points per year.
Iowa also had a capacity goal; but, unlike Texas, the statute included no fixed timetable. Nevertheless, Iowa authorities officially declared the requirement satisfied in November 2007. 7 Although the law required only 105 MW, the state had more than 1,270 MW of wind power by the beginning of 2008. However, Iowa officials chose not to enact a larger RPS as a next step. Noting that the resulting revenues could provide a net benefit to Iowa ratepayers, the state utilities board instead laid the groundwork for a strategy to export Iowa wind power to meet renewable energy demand in other states that were part of the Midwest Independent System Operator (MISO) RTO. First, the board initiated an inquiry into whether the state's two major utilities should participate in the REC tracking system serving the MISO region. Second, the board designated specific generating units owned or controlled by the two utilities to be the resources satisfying 105 MW RPS requirement. RECs from all other units would be eligible to participate in the Midwest Renewable Energy Tracking System (M-RETS), being readily available to meet demand anywhere in the MISO region without resulting in double counting.
New Mexico. In New Mexico, net generation from renewable resources increased from zero to 1.3 TWh between 2001 and 2007. The state is exceeding its overall RPS requirement by a large margin: Its three largest utilities generated half again as much electricity from renewable resources as they needed to meet their 2006 RPS requirements.
The RPS also has a diversification requirement that utilities are supposed to meet by 2011. Of the total mandate, no less than 20% must come from solar power, and no less than 10% must come from a renewable technology other than wind or solar. Despite these goals, nearly all of the state's eligible renewable generation in 2006 came from wind. RPS rules allow for waiving the diversity requirement on a number of grounds-cost caps being key-but the utility would have to make up the difference by procuring more electricity from other renewable resources.
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New Mexico has also implemented laws to facilitate transmission expansion, and was the first state to create a transmission authority in addition to having an RPS. The New Mexico Renewable Energy Transmission Authority participates in regional transmission planning groups, and is empowered to initiate its own projects.
9 Regional transmission proposals under discussion would connect areas containing the state's best potential for geothermal and concentrating solar power, which would facilitate achievement of the state's diversification requirement.
Minnesota. Renewable energy is gaining as a share of the state's generation mix by about 0.5 percentage points annually, while the state's use of fossil fuel is decreasing by a slightly greater amount. By 2007, renewable resources accounted for 5.9% of the electricity generated in Minnesota.
Until recently, Minnesota's renewable energy mandate applied only to the state's largest utility (Xcel Energy). All others were required to make a "good-faith effort" to achieve lower goals, and the Minnesota PUC was authorized to investigate a utility's good-faith effort on a regular basis. In 2007, the requirement was broadened to become a generally applicable RPS, although the ultimate requirement for Xcel (30% of sales by 2020) is more rigorous than for other utilities (25% by 2025).
Regional Outcomes
New England and New York. Renewable energy outcomes in New England and New York reflect strong intra-regional dynamics. These states share the same electric reliability region and two regional transmission organizations with significant wholesale power exchanges. The aggregated picture reflects little overall growth in renewable energy's share of the regional fuel mix between 2001 and 2007. However, the geographic distribution of renewable and fossil fuel generation shifted significantly. Fossil fuel generation has declined in Maine, New York, and Vermont. The difference has been offset by increased fossil fuel use in New Hampshire, Connecticut, Rhode Island, and Massachusetts. New York accounted for the lion's share of the region's renewable energy growth, with smaller increases in Maine and Vermont.
The effect of RPS policies on the geographic shift, however, is unclear. New York, Massachusetts, and Connecticut all have an RPS. But, in both of the latter, use of fossil fuels grew faster than the use of renewables.
Electricity suppliers in Massachusetts have been in technical compliance with RPS requirements, but only two-thirds of the compliance is due to actual procurement of renewable resources (DOER 2007) . Suppliers exercised the option for no-fault alternative compliance payments for one-third of their 2005 obligations, equivalent to 368 GWh of electricity. Massachusetts' RPS shortfall largely reflects a regional shortage of new renewable capacity; although, during the 2001-2006 time frame, the state added some new renewable capacity in the form of biomass and landfill methane facilities.
The Midwest. The region with the most robust renewable energy growth is the Upper Great Plains. Iowa and Minnesota, which had renewable energy requirements at an early stage, account for two-thirds of the renewable energy growth in the region. Above-average outcomes for these two early RPS states have been driven by wind power-Iowa and Minnesota account for 18% of installed U.S. wind capacity (AWEA 2008) . At the same time, Illinois and Wisconsin are increasing their use of fossil fuels for power generation. These are the two largest states for total power generation in the region. Renewable energy's share of the Illinois fuel mix has been mostly unchanged since 2001; while, in Wisconsin the share has increased slightly from 1.7% to 2.1%.
Other Early RPS States
Outcomes for three other early RPS states-New Jersey, California, and Nevada-are notable because of the obstacles they have encountered implementing their requirements. Generation from renewable sources in New Jersey actually declined between 2001 and 2007. Fossil fuel generation has decreased even faster, however, indicating a growing overall reliance on power flowing into the state from elsewhere in the PJM Interconnection grid area.
Providers cite difficulty obtaining sufficient RECs to meet their RPS obligations. The staff of the New Jersey Board of Public Utilities said possible reasons for the shortage included, among other factors:
• the establishment of new RPS requirements in several other states in the PJM Interconnection, which has increased competition for the renewable capacity added in the region since 2001;
• the option provided by other states (but not New Jersey) to "bank" RECs for two and sometimes three years;
• the choice of several small facilities not to have their generation metered by PJM, resulting in the disallowance of those facilities' energy for providing RPS-compliant RECs;
• growth in the use of RECs for the voluntary market; and To address the transmission issues, the state has initiated a Renewable Energy Transmission Initiative to identify the transmission projects needed to accommodate the state's renewable energy goals (CEC 2008) . Once renewable energy zones and possible transmission corridors have been identified by the RETI study, candidate projects will go to the California PUC for review. The California PUC is also considering whether to authorize the use of tradable RECs for compliance with the RPS.
Nevada is using its existing geothermal capacity more-and its existing coal-fired capacity less-while increasing its use of imported power to meet its growing demand. Although it has significant potential for additional geothermal and solar power, Nevada has been challenged by its inability to move power from regions rich in geothermal potential to its largest load center, Las Vegas. In addition, Nevada utilities were greatly affected by the California energy crisis, which (among other consequences) hurt the utilities' credit ratings. New renewable generating plants that signed power purchase agreements with the utilities were unable to secure financing.
Only after the state created a separate charge on customers' bills did investors feel confident that the utilities would pay renewable generators for their power.
In December 2007, an advisory committee on renewable energy transmission access delivered to Governor Jim Gibbons a report that mapped out the state's most developable resources and recommended the construction of transmission lines and collector systems to connect those resources to load (Nevada 2007) . The report also identified geothermal and solar projects under development that, when connected to the grid, would double the state's non-hydro renewable energy generating capacity.
Conclusions
There is no policy magic behind an RPS; simply having an RPS is no guarantee of more renewable capacity. Achieving an RPS goal depends on knowing where the most cost-effective renewable resources are, and how they are going to get to market. An RPS results in more capacity expansion when accompanied by complementary policies that will help achieve RPS goals, such as resource assessments, transmission expansion, and regional collaboration. As demonstrated by Texas and Iowa, an RPS mandate need not be high to work.
The effectiveness of an RPS in any particular state often depends on regional coordination. One effort toward such multistate collaboration is a new initiative by the Western Governors' Association to identify concentrations of renewable energy resources and to assess high-level regional transmission scenarios for connecting these zones to load. A similar multistate resource assessment in the Southeast-where only North Carolina has enacted an RPS-could help identify least-cost renewable energy strategies that would fully take regional factors into account.
One element of RPS design that merits further empirical analysis is the effect of safety cap mechanisms such as cost thresholds and alternative compliance payments. This would be especially useful to states considering a new RPS or increasing an existing one. Ratepayer impact is a criticism frequently raised by RPS opponents, and many states have responded by including provisions to prevent costs from escalating excessively. Issues addressed in such an analysis should include how frequently the price cap is triggered, the types of renewable resources involved, the effect on investment and development risk, and the magnitude of renewable energy's incremental cost relative to the price impact of natural gas volatility. 
